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COMPLETE SPECIFICATION 
Method for Clarifying Water 



We, The Dow Chemical Company, a 
Corporation organised and existing under 
the La^vs of the State of Delaware, United 
States of America, of Midland, County of 

5 Midland, State of Michigan, United 
States of America, do hereby declare the 
invention, for which we pray that a 
patent mav be granted to us, and the 
method by' which it is to be performed to 

10 be particularly described in and by the 
following statement 

This invention relates to the clarifica- 
tion of water and is particularly directed 
to a method for facilitating the removal 

15 of finely divided suspended solids from 

^In^the treatment of water for industrial 
or municipal use, particularly where 
surface watei-s such as those from lakes 

20 and rivers are used, it is frequentJy 
neeessarv to remove finely divided solids 
such as silt and clay in order to produce 
water sufficiently clarified for the desired 
use. Similar problems are encountered 

25 where it is desired to clarify for reuse 
industrial proce^ water contaminated 
^vith finelv dinded solids. Removal of 
such finely divided solids by filtration 
alone has generaUy proved impracticable 

30 in large scale operations. 

It has been common practice for many 
■ vears to emplov coagulants, such as 
aluminium sulphate attd. iron chloride, to 
facilitate removal of suspended- solids by 

35 sedimentation or filtration. Such agents- 
usuallv form a gelatinous and voluminous 
fioc which enmeshes the finely divided 
solid matter and thereby facilitates subse- 
quent removal of such solids by sedimen- 

40tation or filtration. However, certain 
difficulties are encountered in the use o± 
such coagulants. Thus, for example, 
special flocculation Equipment is usually 
required for building the floe to the 

45 proper size and large sedimentation 



vessels are required to separate the rela- 
tively slow-settling flloc from the clarified , ^ 
water. In some cases-, excessive amounts . 
of the coagulant are required to achieve 
the desired degree of clarification. ^ 50 

It is an object of the present invention 
to provide an improved method for clari- 
fying water. It is a further object to 
provide an improved method for clarify- 
ing water with coagulants whereby less^ of 55 
such agent is reauired for producing 
water of the desired clarity. . , - 

It has now • been discovered that the 
incorporation of a water-soluble acryl- 
amide polymer in water treated with a 60 
coagulant accomplishes the formation of a 
rapidly settling fioc and thereby facili- 
tates the separation of finely divided 
suspended solids from such water. It is 
among the advantages of the invention 65 
that less coagulant is needed for a given 
degree of clarification when such acryl- ^ ^ 
amide polymers are used. It is a further 
advantage of the invention that the desir- 
able results are " accomplished wTJthyO 
only very small amounts of the acrylamiae 
polymer. ^ . ^ 

According to the present, invention 
there is provided a method for clarifying 
water which comprises the steps' of a(umx-75 
ing with the water a coagulant and an 
acrvlamide polymer. 

The term * 'coagulant" refers to an-u:on 
or aluminium compound sdeeted from 
ferrous sulphate; ferric cliloride, chlorin-gO. 
ated ferrous sulphate, sodium aluininate, 
aluminium sulphate qr — lalnmimum . 

chloride. ^ ^. 

The acrylainide polymeiS effective in 
the invention are wateMoluble and 35 
characterized by a ininimuni of . cross 
linking between polymer chains. ^ Effective 
polymers are those having "viscosities of at 
least about 2 centipoises for an aqueous 
0.5 per cent by )P^jight solution thereof in 90 
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' distilled water adjusted ta a pH of 3 to 
3.5 and at a temperature of 25®C. as 
■ .determiiied with an .Ostwald viscosimeter. 
-The term "viscosity'' as employed in the 
5 following description and claims refers to 
the viscosity of an aqueous 0.5 per cent by 
• weight solution under- the - conditions set 
fortiti, ahove. 



. polymer" includes both the homopolymer 
"10 of acrylamide and copolymers of acryl- 
amide with up to about 15 mole .per cent 



facilitate grindiug and distribution, it .is 
frequently . desirable to - incorporate a 
mxely .divided inert earner " with • the 
ipoljoner powder. ,\ 

Suitable -finely" divided inert carrie^70 
include diatomaceous earth,, various days>\ 
pyrophyllite. and talc. In such cGmposi-" X 



as both the homouolvmer anrl. -R^^i;, jii^-jfj f^^-^^"^.^^^ P^^^^ner 



of otter mpnomeis, such as acrylic and fiie-finisfied coimoStion 



methadone acids and their lower alkyl 
. esters^ containing not more than 4 carbon 
15 atoms in- the alSyl group, acrylonitrfle,. 
methacrylonitrile, methacrylamide, vinyl 
• alkyl^ ethers, styrene, viiyrl chloride arid 
Tinylidene chloride, each such copolymer 
. beijijg - characterized • by water-solubility, 
26loiw'degree"of.;cr66S'3itd^ and viscosity 

- properties' ais set forth above. 
'1 / ■ ^^J^r-fifoluble acryliamide pblyiners ace 
• " ■' sometimes , . characteriaed by a greater or 
less , degree of -hyd^rolysis, that is, contain 
25 somtf ffee carboxyl groups. This condi- 



anOfinely divided- mert carrier, the acryl- 
Miide polymer may conveniently comprise 75 
^om^-about 10 to 95 per cent by weight of 



tion-is dependent: upon the method ot &dmS'^ 
manufacture of the noWr . the Dresencfi JJ''^.,?^^^^^^ ^i?..,^ P^r cent by 



manu&cture of the polymer, the presence 
'.'or^ ai^ence :oi small amounts of acrylic 
acrd "in the "starting monomer and cortdi- 
SO tiqns of storage of the polymer. The 
"Pplyiier prodilefe' 'appear to" be 'equivalent 
whether-\the carboxyl groups result irom 
- " copolymerizafion "of ' acrylamide with 
acryliie'kcrd-qr from hydrolysis of amide 
35 groups, subseiqu polymerization. In 

ttie" practice ci the present invention, the 
.^operable" acrylamide *. polymers, include 
.v.those"-havi3ig;not mowthan about 15 per 
C0nt of ; the " amide groups replaced, by 
4g;caxb"o3^1 poUps".~ . - - . 

. V In7- carrying out the invention^: the 
_ cioagnlant and acrylaniide' polymer^ are 
added .to 'the -rw -w^ to be clarified m 
any suitable- fashion, provided that rapid 
45 and thorough miring of the coagulant and 
the"' polymer throughout the mass of water 
is .'accomplished Tta general, the coagu- 
lant . is - added . either as*: a : solid or an 
aqxieous solution' by the .conventional 
50 tnethods^ of water treating practice. " The 
• aci^lamide _ P^tlyiher is " :added ' as an 
^ ; aqueous solution or as a finely "divided 
"-'.powder. The addition -of the polj^er in. 

the: form, of " an "aqtieous solution consti- 
55 tiites a" preferred mode of operation. . .. 
In operations where the acrylamide 
polynier is.addied in' finely divided form it 
" ' is' essential that . the ■ powdered polymer be 
added to the raw water portionwise with 
00 vigorous agitation to assure the complete 
solution - of the i^olymer without the 



. In^ operations employing an aqueous 
.solution .of acrylamide polymer it is 
generally convenient to dissolve the acryl-80 
amide polymer with vigorous agitation to 
prepare an aqueous stock solution contain- 
ing from about 0.5. to 5 rper cent by weight 
af polymer. The exact concentration of 
polymer in the-si;i)ck solution will , vary 85 
depending upon the viscosity of the 
pai^cular polymer,- Thus, for example, 
with acrylamide polymer ' having viscosi- 
ties of from .about 2 to 5 centipoises, it is 
preferred to- prepare stock solutions con- 90 



weight of poljoner. With polymers of • 
higher viscosity, it is generally,. dfi^^Sble 
to employ^ solutions . containing not more- 
than- about 2 per cent " by .-weight of 95 
polymer. Such stoi*: solutionis', liiay be 
added directly through suitable propor- 
tioning or metering' equipment Into • the 
water to be clarified. The jstock solution 
.inay be diluted farther to- prepare. a taceat-lOO 
mg. sohttion. Such dilute treating soliiti6Ss--v' 
have the advantage of being readijy intro. ' 
duced^ in,, conventional liquid chemical ' 
feeders-white maintaining accurate' dosage, 
at: -the low levefe-eEqployed in the. iny«a. 105 
t]X)n. In practice^ sucirtpeating solutions 
advantageously- .coiirain ;^^^ more "than 
about 0.5 per cent by weight of acryl- - 
amide polymer and, in general^;: treating 
isolutidns containing from about 0.01 to HO 
about 0.1 per oent by weight of polymer - - 
are preferred. 

The exact- amounts of coagulant and > 
acrylamide polymer to be. efiployed will 
vary depending upon mc^ factors as the 115 
total amount pf.-^sui^ended solids to. he 
fl^culatedj'ffie" nature-of such solids, the 
jpH^of 'the water and tile" concentration' of " " 
dissolved eliectxolytes in. the. particular 
water. The most economical amounts of 120 
reagents to "be. employed vnth a given* 
water supply and any required adjust- ' 
ment of pH can be determined in each > 
instance by jar tests in accordance with 
standard waterworks practice, as setl2S 
forth, for example, on page 36 et seq, of 



.formation of jelly-like masses which dis- o' TXr.^U::i7''^^j:^ ^i^^.'i"' y^''^:, 

"-solve only slowly. In general, it'is ■ Sk^^^^^- J^"^^^ 
. preferr^to employ polyiSer groW t^ Gb Sh^J^^q J^^^^^ 

65 pass* a- screen of . 200 meshes: p^ iiit^^ -'' V= 



805,526 



polymer is employed to accomplish the 
formation of a readily settleable iloc and 
to facilitate the separation of the finely 
divided solids. In practice, it has been 
5 found that the amx>unt of acrylamide 
poljTuer required is somewhat dependent 
upon the \TSCOsity of the polymer 
employed and such amount is roughly 
inversely proportional to the viscosity as 

10 defined above. In general, from about 
0.02 to about 5 parts by weight of acryl- 
amide polymer and from about 3 to about 
200 or more parts by weight of coagulant 
are employed per million paiis by weight 

15 of water to-be clarified, although larger 
amiounts may sametimes be required in 
special circumstances. 

Pollowiiig is a description by way of 
example of methods of carrying the 

20 invention into effect, 

EXAMPXiB 1 

A commercial water clarification instal- 
lation for producing boiler feed water 
from river water required a dosage of 

25 100 to 120 parts by weight of alum ajid 50 
to 60 parts by weight of sodium silicate 
per million parts by weight of water to 
produce clarified water at the rate af 200 
gallons per minute. Attempts to increase 

30 the rate of throughput at this dosage . 

resulted in carry-over of floe in tiie 
■ efSuent overflow from the sedimentation 
\'essel. 

A clarification operation was carried 

35 out on the above raw river water in the 
aforementioned equipment using a dosage 
of 40 parts by weight of alum and 0.5 
parts by weight of a bomopolymer of 
acrylamide, characterized by a viscosity 

40 of 9 centipoises and hydrolysis of 4.1 per 
cent, per million parts by weight of water. 
The alum was added in the form of an 
aqueous solution of hydra^:ed aluminium 
sulphate and the acrylamide polymer in 

45 the form of a dilute aqueous solution 
containing 0.025 per cent by weight of the 
polymer. This treatment was found to 
pi-oduce a floe which settled very rapidly 
so that over 500 gallon* of clarified water 

50 per minute could be produced while main- 
taining the floe blanket well below the 
overflow from the sedimentation vessel. 

EXAMPIiE 2 

River water containing suspended 
55 finely-divided solids equivalent to 250 
parts of silica on the American Public 
Health Association scale per million parts 
of water, was mixed with 25 parts by 
weight of alum (AU(SO*>8.14.5 H^O) per 
«0 million parts by weight of water. The 
alum was added in the form of an aqueous 
solution containing 10 grams of alum per 
litre and the mixing of the alum^ and 
water was accoiniplished rapidly with a 
65 high speed propeller agitator. Thereafter 



the treated water was transferred to' a 
vessel equipped with . small paddle 
agitators operating at 40 revolutions per • 
minute. This slow speed agitation was 
continued for 15 minutes and then dis-yo 
contimied to allow sedimentation to 
occur. After two minutes settling a 
sample was withdrawn from two inches 
below the water surface and the turbidity 
thereof determined with a Klettrys 
Summerson photoelectric colorimeter. 

Similar determinations were carried out 
employing portions of the same raw water 
treated with 25 parts of alum in the above 
manner and with varying amounts of a 80 
homopolymer of acrylamide per million 
pai*ts of water. The acrylamide polymer 
was characterized by a jeiscdsity of 9,8 
centipoises and hydrolysis of 4 per cent 
and -was added as an* aqueous solution 8S 
containing 0.05 per <5ent* by weight of 
polymer. The results obtained are 
summarized in the following table wherein 
the turbidities are expressed as parts per 
million of silica on the American Public 90 
Health Association scale. {Standard 
Metii^ds for the ExcmiruMm of Water 
amd 8&u)<Hf0, Ninth Edition. American: 
Public Health. Association, New Toik, , 
1946, pages 12 to. 14). The colorimeter gg. 
readings were converted to said scale 
using a calibration, curve derived by' com- 
parison with a HelligB turbidimeter [A. 
A. Hirsch, Water and Smage Works^ 93, . 

84-5 (ia46Jl. Too 
Acrylamide 

Alum, parts Polymer, parts Turbidity 
per million - permillion 

25 .0 5-- 

25 * 0.125' • 1.3- 105 

■ 25 • 0.250 0.8 • 

* Further determinatioiis were carried 
out employing the method, reagents and 
river water of Example - 2 with the use of no 
a 2 hour period of . stirring with the 
paddle agitators. The observed turbidities 
at 2 inch depth, determined as. in 
Example 2, after 2 minutes from the 
initiation of settling, are recorded inllS 
the following table : 

Acrylamide 
Alum, parts* Polymer, parts Turbidity 
permillion per niillion 

25 0 20 120 

12.5 0.125 1.6 

Example 4 . 
Raw river water having a turbidity of 
about 200 parts of silica per million was 
mixed with an aqueous 1 per cent by 125 
weight solution of ferric chloride to pro- 
vide 25 parts by weight of ferric chloride 
per million parts by weight of water. * 
Into the resulting mixture, sodium 
hydroxide was added in dilute aqueous^iBO 



4 
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soliitix>ii to adjust the mixture to a pH of 
6.: . A pcHTtion of the above described mix- 
ture was stirred for a period of 20 
ininates with small paddle agitators 

Cooperating at 40 revolutions per minute. 
At the end of this time^ the agitators were 
stopped to allow sedimentation to- occur. 
After '2 mmutea of settling a sample -was 
withdrawn from a deplix of 2 inches below 

iO the surface of - the water and the turbidity 
- thereof determined as in Example 2. 
■ -To ' farther portions . of the ferric 
chloride-water mixture varying amounts 
of a homopolymer of acrylamide, charac- 

15 terized by a viscosity of 9.8 centipoises 
and hydrolysis of 4 per cent,, were added. 
-The polymer was. added in the form of an 
"aiqueous OMjgpr cent by weight solution 
"and the resulting- mixture stirred for 20 

520:^iiTites as set forth above. Thereafter, 
• rsedimentation was initiated and samples 
■withdrawn for^ turbidity determinations 
as in Example '2. The results axe sum- 
marized in the following table, wherein 

25,turbidities are recorded in terms of parts 
per million of silica as in the preceding 



Ferric ~ Acrylamide 
. -^Chloridei parts Polymer, patts^ Turbidity . 

^Qi:^-^per million per million " ' 

' : - 25 0 8 

- - '25 , 0,25 3 ■ 

- 25 ■ 0:15 3 

- :- . 25 ■ 0:10 3 . 
' 35 25 0.05 ^ . 3 

25 0.025 . '-4. 

, " • . * EXAMPIiE. 5 ' , 

In the recovery of foundry sand by 
washing, the overflow . from cone 
4P classifiers, which remove the heavier sand, 
constitutes a difficultly settleable slime. 
The suspended -solids in this slime, com- 
'prising chiefly fine coal, and clay, settle 
'very slowly so that after the- suspension 
'i.^has been held for several days, in a large- 
•=:area. : sedimentation pond, the effluent 
Tupiper 'layer ^ still contains 1 to 2 per cent 
:by weight of solids and is very dark and 
3turbid. . A portion of such turbid effluent 
" 50'is treated with aluminium sulphate at the 
rate of about three parts by weight per 
million parts by weight of water and with 
a ..homopolymer of ..acrylamide,. charac- 
terized by a visc6sity of 7.5 centipoises 
155 and hydrolysis of 5 per cent, at the rate 
of '0.05 parts by . weight of aetylamide 
polymer per million, parts by weight of 
: water/ The finely divided solids flocculate 
"cpickly 'to isroduoe a. .rapid settling flioc 
^-leO'^df ta provide a jcLear supernatant water 
'h^yffsr after a i^ort sedimentation^-'Period. 

. ': FiwTic sulphate was. enrployed . as the 
- coagulant for removing suspendfed solids 
C185^fi5om..-bitoc^-'*frohi the Arbu^Kb shale 



formation in Oklahoma to produce 
clarified'brine for use in the waterflooding 
technique of secondary oil recovexy. The 
:brine was mixed with. 40 parts by weight 
of ferric sulphate per million parts of?0 
:brine and sufficient lime to give a final pH 
of 9, This treatment was carried out in 
commercial clarifying equipment and pro- 
:duced a lightfloc which settled relatively 
slowly so that some suspended "solids were 75- 
-carried over in the effluent water. 
' The feed to the above clarifymg equip- 
ment was modified to introduce 24 parts 
by weight of ferric sulphate and 0.16 
parts by weight of a homopolymer of 80 
-acrylamide per million parts of the brine. " 
Sufficient lime was introduced to adjust 
the brine to a pH of 9 as before. The 
acrylamide polymer employed was charac- 
terized by a viscosity of about 8 centi-^ 
poises and was added in the fonn of. a 
dilute aqueous solution containing 0.1 per 
cent of the polymer. This treatment pro- 
duced a floe which was larger and denser 
than that produced with the 40 parts per^j) 
million of ferric sulphate. The floe'^ 
settled rapidly to prodnce water- of 
improved clarity as compared with that 
previously (produced. 

In similar operations employing ferric^ 
^oride in treating oil field waste brine 
and aluminium sulphate in treating 
recycle water for secondary oil recovery 
"by waterflooding, . tiie incorporation of 
acrylamide polymers, characterized by..ipo 
: viscosities of from- ff"- to 16 centipoises, in 
the treated brine or water at dosages of 
. from 0.1 to 0.2 part& by weight per 
"million parts of brine or water resulte in 
-the. .formation of excellent floes whereby ips 

- finely \divided solids are readily separated ' 
to 'prodiTce clarified brine or water. 

: WHAT Wl^^CI/AIM IS :— 

Iv A method for iilarifying water which 
comprises the steps of admiring with the^jjo 
water a coagulcuit and an acrylamide ' 
polymef, • . - : ; 

2: A method fo/ facilitating the separa- 

-tion* of - finely divided suspended solids 

-from water whidi' - comprises adding to 
said water a ;coagTilaiit from the group * . 
consisting of iron aiid aluminium coagu- 
lants and a sufficient amfiunt at least 0.02 

.'pffirts'- by weight per million parts by 
weight of water* of an acrylamide polymersjao 

rto accomplish, the formation of g,- readilyl' 
settleable floe. . . - ' 

■ " 8. A method as claimed in- Claim 1 :.or 

* Claim 2. wherein the" acrylamide polynaer 
is added' in the form- of a dilixte aqueous-125 

.solution. 

. 74.. A method . for clarifying water ' as 

- claimed in any one of the pre'cedaD^ claims * 
which' method cojiipriseS' the; step» of 
••adknaxiDg. with said water irbmr 3- to ' 2004530 
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5 



parts by weight of a coagulant and from 
0.02 to 5 parts by weight of an acrylamide 
polymer per million parts by weight of 
water. 

5 5. A method as claimed in Claim 4 
wherein the acrylamide polymer is charac- 
terized by a viscosity of at least 2 centi- 
ipoises for a 0.5 per cent by weight 
solution thereof in distilled water 
lOadjusted to a pH of 3 to 3.5 and a tem- 
perature of 25°C. 83 determined with an 
Ostwald viscosimetor. 
6. A method for clarifying water 



according to Claim 1 substantially m ' 
described in any one of the specificlS 
examples hereinbefore set forth.. 

7. Water when clarified 'by the method 
claimed in any one of lie preceding 
claims. 

POTJLT, WADE & TENiNANT, 
111 & 112, Hatton Garden, London, 
E.€. 1, 
Chartered Patent Agents. 
Eeference has been dir^ted> in pursu-. 
ance of Section 8 of the Patents Act, 
1949, to Specification ifo. 768,665. 
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